This study, a new concept design of the stem and aims to determine the suitability of various carbon/PEEK composite designs for artificial hip joints. Shear stress tested with alternative materials of the Ti-based stem for artificial hip joints. In addition, FEA is conducted according to the fiber ply orientation and the load condition for carbon/PEEK composites. The stem shape of two types was designed through the shape normal of the femur. Multidirectional load cases were used for each FEA model. In the case of general shape, the results show that the stress of ply orientation case II was lower than for cases I and III. On the other hand, in the case of the curved shape, ply orientation case I was lowest. In the case of the Ti stem, the stress of the curved shape was 18% lower than the general shape.
Introduction
Recently, research on new medical devices has actively progressed due to the population problem. However, the lifetime of the artificial hip joint being used currently is relatively short. Over time, the miss ratio of the artificial hip joint considerably increases due to the change in the stress distribution of the bone by stress shielding, dissociation, osteolysis, etc. Therefore, the development of composites for the artificial hip joint is essential through performance evaluation under conditions that it are similar to the human body environment.
[1~3] The generalized metal material is mainstream. Most stems are manufactured from Ti, Co-chrome, or stainless steel alloys. However, metal materials deliver small-scale stress to the arbitrary area of the bone due to the difference in rigidity. Thus, composites are the best substitute material to solve this problem. Despite the excellent characteristics of composites, their application to medical devices remains a challenge. [4~6] Composites in which various designs become available can solve the problems of the existing metal materials. However, it is not easy to implement a design shape because of the different mechanical properties according to the fiber ply orientation. In addition, the complicated shape of the stem has an effect on the distribution of stresses. In addition, resubstitution is required due to the increased human lifespan. However, the success rate has drastically decreased. Therefore, the development of a patient-customized artificial hip joint is urgently required in order to improve its useful life. [7, 8] International Journal of Ocean System Engineering 3 (3) (2013) [152] [153] [154] [155] [156] [157] In this study, carbon/PEEK composites are designed to prevent stress concentration from the difference in rigidity and to improve mechanical properties. Two types of patient-customized artificial hip joint stems are designed using a 3D design program. In addition, the stress distribution of the artificial hip joint according to the ply orientation of the fiber is investgated through finite element analysis.
Design and Modeling Method

Method of 3D modeling
The stem must be designed through the extract of the patient's CT image in order to accurately implement the shape of the customized artificial hip joint stem. However, the size of the femur and the activity environments differ for each patient. Therefore, in this research, a 3D model of the stem was designed from the normal shape, not from a CT image, in order to standardize the femur shape for all patients. The normal shape of the femur is shown in Fig. 1 .
In addition, three types of fiber-layered structures were established in order to confirm the distribution of stress and to implement the optimum design of the stem according to the fiber laminating direction. The mechanical properties of composites and Ti are shown in Table 1 . In case I, all six plies were oriented at (0°) [(0°) 6 ]. In case II, one ply was oriented at (±45°), one at (0°/90°), and the others at (±45°) [(±45°) 1 (0°/90°) 1 (±45°) 1 ]. In case III, all three plies were oriented at (±45°) [(±45°) 3 ]. The carbon/PEEK composites were manufactured by operating the hot press at 380 using the hot press molding method with the prepreg.
Design Concept
The 3D modeling of both stem types of artificial hip joints was designed based on the normal shape of the femur. The first shape follows the shape of the stem made of the existing metal material. The second stem shape is designed for the bottom part of the stem with the curve shaped for an even load dispersion. The designed shape and load direction of the stem are shown in Fig. 2 . 
Finite Element Analysis
FEA Models
The meshed shape of the stem is shown in Fig. 3 . Details of the model meshes are shown in Table 2 . The finite element analysis models were meshed and analyzed using a commercially available program. It is very important to analyze the biomechanical characteristics of the geometric design variables before designing the customized artificial hip joint. The femur undergoes various stresses depending on the the lifestyle and posture of the patient. However, it is difficult to reproduce these conditions completely in the simulation. Therefore, the loading condition is applied to the area of neck where the break in the stem mainly occurs. The geometric design variables of the stem were confirmed by using the finite element method. The shear stress of the composites and metal are compared for the artificial hip joint.
Loads Conditions
The stem receives various loads from the muscle. The load condition was determined as shown in Fig. 2 for each of the FEA models. The load applied to the stem head with an angle of 20° was used to verify the FEA results obtained in the present study by comparing the stresses in the stem and in the Ti stem model with those reported by previous researchers. The loads were distributed over several nodes to avoid stress concentration and the displacement of all nodes at the distal end of the stem was rigidly constrained. 
Results and Discussion
The proposed stem design using carbon/PEEK composites and Ti was described. Finite element models were used to evaluate the potential of the proposed new design concept. The shear stress of Ti is shown in Fig. 4 . The same load was applied to the stem and to the composites. The stress of the curved shape was 18% lower than the general shape. The proposed stem design is superior to the existing shape as to the stress distribution. The shear stress according to the ply configuration is shown in Fig. 5 . The loading was identical for all experiments. In the case of general shape, the results according to ply configuration show that the shear stress of ply orientation case II were lower than ply orientation cases I and III. On the other hand, in the case of the curved shape, ply orientation case I was lower than the ply orientation case II and III. The mechanical property of ply orientation case I was superior to ply orientation cases II and III due to the curve. Because the stem receives stress perpendicularly the stress applied to the stem was low in ply orientation case I. The distribution of stresses applied to the stem therefore differed according to the fiber ply orientation. Therefore, the fiber ply orientation and the shape of the stem need to be determined by measuring the load accurately since the load applied to the stem differs for each patient. 
Conclusion
In this study, two types of stems were designed, and the shear stress of the stems was confirmed through finite element analysis. The stability of the artificial hip joint was determined according to the fiber ply orientation. The following results can be obtained from these data.
(1) The stress of the curved shape was 18% lower than the general shape. Thus, the proposed stem design is superior to the existing shape as to the distribution of stresses.
(2) In the case of general shape, the shear stress of ply orientation case II was lower than ply orientation cases I and III.
(3) In the case of the curved shape, ply orientation case I was lower than ply orientation cases II and III.
(4) The fiber ply orientation and the shape of the stem need to be determined by measuring the load accurately, because the load applied to the stem differs for each patient.
The customized artificial hip joint is expected to be completed from the analysis performed in this study. It appears that the composites stem can reduce the need for the resubstitution technique. 
